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Objectives: An ectopic cervical thymus (ECT) is regarded as a rare congenital anomaly; 
therefore, the optimal diagnostic and therapeutic strategy remains a debatable matter. We 
designed a study to elucidate the clinicopathological characteristics of ECTs in consecutive, 
unselected infant autopsies, to help guide case management. 
Methods: We searched for ECTs in all of the 21 consecutive, unselected infant autopsy cases 
performed at our institution over a period of 3 years, and all ECT consensus diagnoses were 
confirmed by histological examination. The following clinical characteristics were evaluated 
in cases with ECTs: age, gender, birth week and weight, clinical symptoms due to the ECT(s), 
position on discovery of death, cause of death, ECT contribution to the cause of death, and 
concomitant congenital disorders. The anatomical features evaluated included the location, 
number, size, color, shape, and margins of the ECTs, and the presence of a mediastinal 
thymus. Histological findings of the ECT(s) and the mediastinal thymus were compared 
within each individual. Fusion of the parathyroid and the ECT was also investigated 
histologically. Spearman’s rank correlation coefficient (ρ) and the corresponding P value 
were calculated to determine if there was an association between ECT diameter and age. 
Results: We detected 10 ECT lesions in seven cases (33%) among the 21 infant autopsy cases. 
The ECT cases involved five boys and two girls, with ages ranging from 1 day to 4 months. 
There were no reports of a positive family history of sudden death or antemortem clinical 
symptoms due to ECT in any of the cases. The ECTs were considered incidental regarding the 
cause of death, with the exception of one case that was extremely rare. Most ECTs were 
localized to the inferior thyroid, ranging from 0.4 to 1.9 cm in size. Size demonstrated a 
significant negative correlation with age (ρ = −0.75 and P = 0.034). 
Conclusions: This study revealed that ECT is an essentially benign anomaly that occurs 
frequently during the development of the thymus, and may disappear over the first few years 
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 An ectopic cervical thymus (ECT), which can be located anywhere along the 
developmental pathway of thymic descent, represents a rare cause of pediatric neck masses 
[1-3]. The natural incidence and clinical course of ECTs are still unknown because nearly all 
of the previously reported cases have undergone surgical removal, and a prospective 
randomized study is not feasible because of the rarity of ECTs [4]. This lack of knowledge 
has led to controversy regarding the optimal diagnostic and therapeutic strategy for this lesion 
[4, 5]. Some reports have recommended surgical excision based on the safety of this 
procedure, the necessity for a pathological diagnosis, and the potential for malignant 
transformation and severe clinical symptoms such as dyspnea and dysphagia without surgery 
[2, 6, 7]. Meanwhile, others have recommended conservative management, such as a “watch 
and wait” policy, for ECTs diagnosed before surgery because of concerns regarding the high 
morbidity associated with surgical excision; these proponents consider ECT to be an anomaly 
with a basically benign course and without convincing evidence to support an increased risk 
of malignant transformation [4, 8].  
 Advanced high-resolution ultrasonography (US) and magnetic resonance imaging 
(MRI) have recently been described as alternatives to histological evaluation for the 
diagnosis of an ECT [9-11]. Song et al. stated that the echo characteristics of ECT, such as 
multiple echogenic inner linear structures and foci surrounded by hypoechoic rims, are key to 
its diagnosis and that MRI facilitates diagnosis because the appearance of an ECT is identical 
to that of a mediastinal thymus on MRI [9]. In addition to these imaging methods, fine needle 
aspiration has been recommended as a diagnostic method in recent years because it is a less 
invasive procedure than surgical excision; the presence of fibrous septa, Hassall’s corpuscles, 
and other characteristics of normal thymic architecture on cytology can provide clues to an 
accurate diagnosis of ECT [4, 8, 11, 12].  
 If we could improve current diagnostic strategies by increasing available information 
regarding the natural incidence and clinical course of ECTs, it would help pediatricians to 
determine the appropriate strategy when they encounter a particular case that may require 
surgery. A prospective randomized study with healthy infants using radiological images such 
as US may seem to be a logical approach. However, the images do not provide a definitive 
diagnosis of ECT without pathological confirmation. Therefore, we decided to investigate the 
clinicopathological characteristics of ECTs by performing a survey of consecutive, unselected 
infant autopsies associated with histological examinations. To the best of our knowledge, this 
study is the first to clarify the features of this lesion in consecutive autopsies at a single 
institution. 
 




 We searched for ECTs in all 21 of the consecutive, unselected infant cases autopsied 
at our institution for 3 years from the time we encountered the first ECT case, which we 
previously described [3]. The 21 cases were categorized into sudden unexpected death in 
infancy (SUDI) and ranged in age from 1 day to 10 months; 13 of the cases were boys. No 
cases required exclusion because of unavailability, e.g., because of a long postmortem 
interval or severe neck trauma. The Department of Forensic Medicine at Kyoto University 
Graduate School of Medicine, Japan, is one of two forensic autopsy institutions in the Kyoto 
prefecture (population of 2.8 million) and is assigned two-thirds of the out-of-hospital SUDI 
cases. The following clinical characteristics were evaluated in cases with ECTs: age, gender, 
birth week and weight, clinical symptoms due to the ECT(s), position on discovery of death, 
cause of death, ECT contribution to the cause of death, and concomitant congenital disorders. 
This study was conducted within the framework established by the Ethics Committee of 
Kyoto University.  
 
2.2. Anatomical and histological features 
 
 In all cases, the cervical organs along with the tongue and thoracic organs were 
resected after removal of the heart. Two experienced forensic pathologists (H.K and K.T) 
sought ECTs throughout the cervical and thoracic organs, and all ECT consensus diagnoses 
were confirmed by histological examination. The anatomical features evaluated included the 
location, number, size, color, shape, and margins of the ECTs and the presence of a 
mediastinal thymus. Size was defined as the greatest diameter. Histological findings of the 
ECT(s) and mediastinal thymus were compared within each individual on H&E stained 
specimens and by immunohistochemical analysis of the lymphocytes. Fusion of the 
parathyroid and the ECT was also investigated histologically. 
 
2.3. Statistical analyses 
 
 Spearman’s rank correlation coefficient (ρ) and the corresponding P value were 
analyzed to determine if there was an association between diameter and age. P value less than 
0.05 was considered statistically significant. All statistical analyses were performed using R 




3.1. Clinical characteristics of cases with ECT 
 
 We encountered seven cases with solid ECTs in 21 consecutive, unselected infant 
autopsies during the study period, an incidence of 33% within this population. The clinical 
characteristics of the seven cases are summarized in Table 1; the cases ranged in age from 1 
day to 4 months, and five cases (71%) in this series were boys. All were born as mature full 
term infants except for one male infant with congenital heart disease born at a gestational age 
of 36 weeks. There were no reports of a positive family history of sudden death or 
antemortem clinical symptoms due to ECT in any of the cases. Five were found dead in a 
supine position, and two were found in a prone position. The cause of death was sudden 
infant death syndrome in three cases, pneumonia due to respiratory syncytial virus infection 
in two, and accidental asphyxia in one. The ECTs were considered to have been incidental to 
their deaths with the exception of a 4-month-old boy (case 6). 
 
3.2. Anatomical features of the ECTs 
 
 Anatomical features of the ECTs are summarized in Table 2. The ECTs were found 
on both sides without laterality but were preferentially located at the inferior region of the 
thyroid gland except for one visually undetectable ECT. The detectable ECTs appeared as 
well-circumscribed soft and solid nodules with a spherical shape and a reddish gray-white 
color (Figs. 1a, b; Supplementary Fig. 1). The undetectable lesion was covered by the right 
lobe of the thyroid, and the thyroid isthmus was absent (Fig. 1b, case 7); the ECT was 
detected on histological examination (Figs. 1b, 2a). Three cases had two lesions each; the 
others had a single lesion. The mean lesion size was 1.0 cm (range, 0.4 to 1.9 cm). The size of 
the lesion demonstrated a significant negative correlation with age for all ECTs except the 
two lesions found in case 6 (Fig. 1c). Spearman’s rank correlation coefficient (ρ) was −0.75 
and the corresponding P value for the correlation was 0.034. Normal mediastinal thymuses 
were present in all seven cases.  
 
3.3. Histological features of the ECTs 
  Histological examination demonstrated that the ECTs located outside of the thyroid 
gland were surrounded by a thin fibrous capsule, while the ECT covered by the thyroid gland 
was located immediately adjacent to the gland but was clearly separated from it by thin 
fibrous tissue (Fig. 2a, b). Five ECTs from three cases were fused with the parathyroid, and 
these lesions looked like single rounded nodules because both the ECT and the parathyroid 
were enveloped in a continuous fibrous capsule or tissue (Fig. 2a). Four of the five 
parathyroids fused with ECTs were located at the periphery of the lesion (as shown by the 
arrows in Fig. 2) and another was located at the center of the lesion (data not shown). All 
parathyroids occupied one-third to one-fourth of the associated ECT (Fig. 2a, b). Histological 
features of ECTs demonstrated on H&E stain and immunohistochemistry were consistent 
with ordinary thymic structure, and thymocytes and lymphocytes were typically distributed 
(Fig. 2b, c). 
 
4. Discussion 
ECT results from a failure of thymic descent during weeks 6 and 8 of pregnancy [13]. 
The primordia of the thymus and inferior parathyroids are mainly derived from the ventral 
and dorsal wings of the third pharyngeal pouch, respectively; a lesser portion of the thymus is 
derived from the fourth pharyngeal pouch. The thymic primordia then elongate, along with 
the inferior parathyroids, in a caudal and medial direction, forming a structure called the 
thymopharyngeal duct. During the descent into the anterosuperior mediastinum, a tail portion 
of the thymus falls into pieces and eventually vanishes under normal conditions, but during 
this process, the primordia may arrest in the duct to form an ECT [9, 13, 14]. Because the 
inferior parathyroids descend with the thymus, it is not surprising that they are frequently 
found within ECTs [13, 15-17]; indeed, half of the 10 ECTs found in the present study were 
fused with the parathyroids.  
To estimate the natural incidence of ECTs, we surveyed consecutive, unselected 
infant autopsies and definitively identified ECT lesions based on histological examination. 
The study yielded an incidence of approximately 30%, which is assumed to be close to the 
natural incidence because of the nonselective method employed. Accordingly, we can 
speculate that this anomaly occurs more frequently than would be expected based on previous 
reports (the incidence from previous reports ranges between 1% and 10%) [6, 17-19]. This 
discrepancy between previous reports and the present study may be attributed to the different 
populations analyzed [3, 19]. Most previous reports represent case presentations or reviews 
consisting of several cases [14, 20], with almost all of the cases showing clinical symptoms, 
such as a neck mass, due to the anomaly [3]. In contrast, most of the ECTs in our study 
represented incidental findings identified in infants who died from unrelated causes. These 
results indicate that ECTs occur frequently during thymus development, and usually remain 
undetected, as only some ECTs increase in size and induce clinical symptoms. 
In fact, some previous studies have also suggested the potential prevalence of this 
lesion [9, 17]. However, there is no report confirming the commonness in the unselected 
cases with supporting histological examinations as presented in the current study. For 
example, Song et al. investigated the imaging of ECT, and stated that the frequency of 
subclinical ECTs may be underestimated, because they found several incidental 
asymptomatic cases in addition to the cases analyzed during their study [9]. They did not 
confirm, however, their diagnosis of ECTs with histological examination. In another report, 
ECTs were found in 39 of 55 SUDI autopsies (71%) conducted under a stereoscopic 
microscope, although this reported incidence may be higher than the incidence in our study 
due to their selection bias [17]. Nonetheless, their data supports our results that this anomaly 
may arise more frequently than reported, and probably occurs in more than 30% of infants.  
Assuming that ECT weight changes with age like that of the mediastinal thymus, the 
ECT would steadily increase in size until puberty and then gradually decrease in size with 
involution [13]. However, in a correlation analysis among the asymptomatic cases in this 
study, a significant negative correlation was observed between ECT size and age even within 
infancy (Fig. 1c, ρ = −0.75; P < 0.05). The chart in Fig. 1c also suggests the possibility that 
the ECT is not often detected in children after the first year of life, which is in accord with 
results we have recently reported in a literature review of 95 cases with ECT(s) [3]. Most of 
the cases analyzed in the review (82%) were diagnosed in patients less than one year of age, 
and the majority of the cases included the manifestation of symptoms [3]. These results 
indicate that most of the ECTs, even among the symptomatic cases, are detected within 
infancy, but seldom after the first year of life. In light of this trend towards a reduction in size 
and rarity in children aged one or older, when pediatricians find an asymptomatic ECT or a 
small neck mass without symptoms, they could assume that the ECT will disappear at some 
point in the near future. The mechanism of size reduction is unclear but may represent a 
process other than involution such as circulatory insufficiency [21], because smaller ECTs in 
older infants did not show the histological features typical of thymic involution, i.e., a 
decrease in the number of thymocytes and abundant intervening adipose tissue (e.g., case 7 in 
Fig. 2) [13]. 
Thus, the ECT most often has an indolent course, and can be managed conservatively. 
However, some previous case reports have described the enlargement of ECTs during various 
periods, along with the induction of symptoms [18, 22-25]. Our previous review of 95 cases 
revealed that relatively severe symptoms, such as respiratory symptoms and/or dysphagia, are 
seen in approximately 10% of the reported cases [3]. Indeed, the two ECTs presented in case 
6 were large and highly displaced from the correlation chart (Fig. 1c). Consequently, they 
may have contributed to the accidental asphyxia in the prone position because their increased 
size and specific location allowed easy compression of the cervical trachea, as was described 
in detail in a previous report (Suppl. Fig.) [3]. However, such cases leading to fatality are 
extremely rare, and only two cases have been reported to date [3, 26]. Pediatricians who 
discover symptomatic ECT(s) would understandably be cautious, and should monitor the 
progression of the ECT closely. Nevertheless, the current results suggest that the worst 
outcomes are unusual, and do not occur in most cases. 
The mechanism of enlargement is not yet clear, but prior reports have described 
potential hyperplasia of ECTs following infection or vaccination [6, 25, 27-30]. Indeed, the 
infant in case 6 received a second combination vaccine against diphtheria, pertussis, and 
tetanus two days before his death. However, of the other cases in this study, the two cases that 
died from pneumonia (cases 4 and 7), and the two cases that were vaccinated within one 
month prior to death (cases 4 and 5) did not present with large ECTs. Nonetheless, the present 
study was not designed to reveal whether an ECT would enlarge because of an inflammatory 
reaction triggered by infection or vaccination, and thus further studies are required to clarify 
this issue. 
We recently reviewed the clinicopathological characteristics of 95 ECT cases [3], 
and analysis of the seven cases identified in the present study revealed similar clinical 
features (Table 1). In brief, ECTs are frequently seen in boys and are typically diagnosed at < 
6 months of age (70%); no apparent propensity has been demonstrated among the causes of 
death; symptoms such as respiratory symptoms and/or dysphagia are seen in 12% of cases, 
but ECT contribution to severely ill or death is extremely rare; and approximately one-third 
of patients with ECTs have a concomitant congenital anomaly/disorder, but no specific 
anomalies are strongly associated with ECTs. 
As for the pathological features of ECTs, we have presented seven macroscopic 
photographs in our present and previous reports (supplementary figure) demonstrating the 
following common gross findings: a soft nodule with a reddish gray-white color, a clear 
circumference, and a spherical shape. These characteristic gross findings may aid surgeons 
and pathologists in identifying ECTs during operations and autopsies, respectively. In this 
study, all ECTs except for one were found in the inferior region of the thyroid gland (Table 2), 
although the localization of lesions to this site was relatively rare (13%) among the 95 cases 
previously described [3]. The predisposition for the inferior thyroid region identified in the 
present study may indicate that the inferior parathyroids frequently pull part of the thymus 
into an adjacent position during thymic descent to form an associated ECT, but that these 
ECTs seldom induce clinical symptoms because of their disappearance in infancy. We 
confirmed all ECTs on histology and found that the structure and cell distribution of the ECTs 
did not differ from that of the mediastinal thymus, which correlates with the previous 
literature [5, 6, 15-17, 31]. 
These seven ECT cases represent the first case series of consecutive infant autopsies 
performed at a single institution. However, the small number of cases limited to autopsies 
performed for SUDI is a limitation of our study. A prospective randomized study in a larger 
population of healthy infants utilizing diagnostic imaging techniques, especially 
high-resolution US with fine needle aspiration, would be the preferred approach for clarifying 
the natural features of ECTs, but is not feasible in practice. 
 
5. Conclusions 
This study is the first to clarify the features of ECT in consecutive, unselected infant 
autopsies at a single institution, and revealed that this lesion is an essentially benign anomaly 
that occurs frequently during the development of the thymus, and may disappear over the first 
few years of life. These results suggest a conservative approach to the management of ECTs 
would be appropriate. 
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Figure legends 
Fig. 1a, b: Representative gross appearance of the resected specimens showing two nodules 
(a, case 2) and one nodule (b, case 7) located beneath the thyroid gland. #, thyroid gland; *, 
ectopic cervical thymus (ECT). c: Plot demonstrating the significant negative correlation 
observed between ECT size and infant age (Spearman’s rank correlation coefficient (ρ) =  
−0.75 and P = 0.034). Numbers inside circles indicate the case numbers listed in Tables 1 and 
2. 
 
Fig. 2 Representative microscopic ECT appearance (case 7). a: Loupe image showing two 
lesions, one on each side of the cervical bronchus; the ECT on the left is located outside of 
the thyroid gland, and the ECT on the right is covered by the gland. b: High-magnification 
image of the right lesion. Arrows, parathyroid gland; asterisks, ECT. c: Immunohistochemical 
images of ECT and mediastinal thymus specimens showing no difference in the distribution 




 Table 1 Clinical characteristics of cases with ectopic cervical thymuses 
Case Age / Gender Birth Position on Cause of ECT contribution Congenital 
No.  wk / wt (g) discovery death to death anomalies 
 1 1 day / M 36 / 2,300 Supine CCA No CCA 
 2 2 months / M 40 / 3,250 Supine SIDS No Absent 
 3 2 months / F 40 / 3,210 Supine SIDS No Absent 
 4 3 months / M 38 / 3,310 Prone Pneumonia No Absent 
 5 4 months / M 37 / 2,410 Supine SIDS No Absent 
 6 4 months / M 40 / 3,472 Prone Asphyxia Yes Absent 
 7 4 months / F 39 / 2,888 Supine Pneumonia No ATI  
ATI, absent thyroid isthmus; CCA, congenital cardiac anomaly; ECT, ectopic cervical thymus;  
SIDS, sudden infant death syndrome. 
 
Table 2 Anatomical features of ectopic cervical thymuses 
 Case Location Number Size Mediastinal Parathyroid 
 No. L/R Level  (cm) thymus gland 
 1 L Infa 1 1.4 Normal Not detected 
 2 L/R Inf 2 0.9, 0.6 Normal Detected in both  
 3 R Inf 1 1.2 Normal Not detected  
 4 R Inf 1 0.9 Normal Detected 
 5 L Inf 1 0.8 Normal Not detected  
 6 L/R Inf 2 1.5, 1.9 Normal Not detected  
 7 L/R Inf/Thyb 2 0.5, 0.4 Normal Detected in both  
 a “Inf” indicates localization of the ECT to the inferior region of the thyroid. 
 b “Thy” indicates that the ECT is surrounded by the thyroid. 
S u p p l e m e n t a r y  F i g .  1
